This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



DNA AND CELL BIOLOGY 
Volume 22, Number 1, 2003 
© Mary Ann Liebert, Inc. 
Pp. 41-U5 



Expression of Active Human Blood Clotting Factor VIII in 
the Mammary Gland of Transgenic Rabbits 

L. HIRIPIJ F. MAKOV1CS, 1 R. HALTER, 3 M. BARANYlJ D. PAUL, 3 J.W. CARNWATH, 2 

Zs. BOSZE, 1 and H. NIEMANN 2 



ABSTRACT 

Human clotting factor VIII is probably the largest protein to be expressed to date in the mammary gland of 
a transgenic animal, and it requires extensive posttranslational modification to achieve full biological activ- 
ity. The mammary gland specific construct mWAP-hFVIIl-MT-I was injected into the pronuclei of rabbit zy- 
gotes, and three transgenic offspring were obtained. Founder 385 showed germ-line transmission of a single 
integrated copy, and a homozygous line was established from this animal. The rhFVIII Mas transcribed and 
translated exclusively in the mammary gland. The activity of rhFVIII in the rabbit milk ranged from 5 to 8% 
of that found in normal human plasma. Results indicate the suitability of the transgenic rabbit mammary 
gland for rhFVIII production. 



INTRODUCTION 

Hemophilia A is an X -linked congenital bleeding disorder 
affecting approximately 1 in 10,000 males caused by mu- 
tations in the gene for blood clotting factor VIII fFVIIJ) (Kazaz- 
ian et aL. 1995). Recombinant human factor VIII (rhFVIII) is 
currently produced commercially in cell culture systems, and is 
widely used for replacement therapy. Unfortunately, the 
amounts available do not meet the worldwide demand, and the 
product shows considerable variability in post-translational 
modification (Garber. 2000). 

The technology for using the mammary gland as a bioreac- 
lor has been developed to the point that pharmaceuticals de- 
rived from the milk of transgenic farm animals are currently in 
the advanced stages of clinical trials (Dove. 2000). The time 
required to generate a transgenic animal with high expression 
le\ cl> and to deliver a product to the market are the major draw- 
backs of large animal transgenic technology. Transgenic rab- 
bits offer an attractive alternative to large dairy' animals because 
ol their large litter size and short generation interval (Dove. 
2f*X)). Rabbits are easily milked and the milk naturally con- 
tains 2.5 limes as much protein as sheep milk and 4.8 times that 
of goat milk (Jennes. 1974). Assuming 1 g/1 mature protein ex- 
pression, it has been estimated that as few as 54 transgenic rab- 



bits could supply the entire U.S. market with rhFVIII (Wall et 
aL. 1997). Mammary gland-specific hFVIII gene constructs 
have previously been expressed in transgenic pigs (Paleyanda 
et aL. 1997) and sheep (Niemann et aL. 1999), with mixed suc- 
cess. Here we report, for the first time, the generation of trans- 
genic rabbits bearing a rhFVIII transgene. analysis of rhFVIII 
mRNA and protein expression, and measurement of the bio- 
logic activity of the recombinant product. 



MATERIAL AND METHODS 

Generation of transgenic rabbits 

The construct mWAP-hFVIII-Mt-I contains the 2.4-kb Eco 
Rl-Kpn I fragment of the murine whey acidic protein (WAP) 
promoter from plasmid pP;5'WAP (a gift from L. Hen- 
nighausenj ligated with the 9-kb Cla 1-Sal 1 fragment of pSP73E 
plasmid that harbors the human Factor VIII cDNA. murine met- 
allothionein (MT-I) introns and the SV40 poly(A) signal (E>- 
panion et aL. 1997). Efforts to introduce the mWAP-hFVIII- 
MT-I into ovine zygotes failed to produce an> transonic 
offspring. For microinjection, the insert was cut from it> pl^- 
mid by Pvu I-Sal I digestion, separated by electrophore>i> on 
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an 0.8Cv agarose gel in TAE buffer and finally recovered from 
the gel and purified uith an ELITIP-D NAOIO/n (Schleicher 
& SchueM GmbH. Damsel. .Germany). Collection of rabbit zy- 
gotes, microinjection, and transfer of injected embryos were 
performed as described I Besenfelder, et uL. I99X). 

Determination of transgene integration 

Offspring derived from recipient does were screened for 
transgene integration b> >ouihern blot analysis as follows: 10 
/xg of genomic DNA purified from ear punch tissue or blood 
were digested with 5 units Bam HI at 37 = C overnight. The re- 
striction fragments were separated on a 0.89c agarose gel in 
TAE and blotted overnight onto Hybond N" nylon membranes 
( Amersham AP Hungar\ ( Kft.. Budapest. Hungary ). A 9-kb Cla 
I-Sal I fragment of the gene construct was 3: P-labeled using 
the Hexalabel DNA labeling kit (MBI Fermentas. Biocenter 
Ltd.. Szeged. Hungary ) and hybridized to the blots. Auto- 
radiographs were produced by exposure of the blots to Hyper- 
film MP (Amersham AP Hungary Kft.. Budapest, Hungary) 
overnight at -70°C. 

Digestion with the restriction enzyme Bam HI followed by 
Southern blotting was used to determine the number of inte- 
grated copies of the transgene. This demonstrated single-copy 
integration but also revealed the loss of a Bam HI restriction 
site in the 3' end of the integrated construct. To determine the 
extent of deletion, the 3' end of the integrated construct together 
with flanking DNA was sequenced (Does et ai, 1991 ). Briefly, 
genomic DNA was digested with Hae III. and the fragments 
were purified and incubated with T4 ligase overnight to pro- 
duce circular DNA fragments that served as templates for nested 
PCR with primers designed to hybridize back to back in the 3' 
sequence so that the entire circularized target fragment was am- 
plified. 
Primers: 

Primer l(nt 2600-2624, Genbank ac.no.: J02400) 
5 c ATC AC A A ATTTC AC A A ATAAAGC A— 3 ' 
Primer 2 (nt 1508-1527, Genbank ac. no. V00835) 
5 ' — AGCTTGGCTTTACCC A A AG A — 3 ' 
Primer 3 (nt 2652-2676, Genbank ac. no. J02400) 
5 ' — TTGTTGTT A ACTTGTTT ATTGC A GC — 3 ' 
Primer 4 (nt 2740-2763. Genbank ac. no. J02400) 
5 '— A A ACCTCT AC AA ATGTGGTATGGC— 3 ' 

The two nested PCR reactions were based on 35 cycles of 
95°C for 30 sec. 6 1 °C for 45 sec. and 72°C for 1 .5 min. Primers 
1 and 2 served as outer primers, and primers 3 and 4 were the 
inner primers. An aliquot of 2 fx\ from the first reaction was 
used as template for the second reaction. Amplified products 
were resolved on 2% agarose gels, purified and sequenced. 

Analysis of rhFVIII mRNA expression by RT-PCR 

Mammary gland tissue biopsies were obtained from ho- 
mozygous lactating females of line 385 between the first and 
fourth week of lactation. One lactating female was killed in the 
fourth week of lactation, and tissue samples were collected from 
brain, heart. liver, spleen, kidney, and salivary gland to test for 
ectopic expression. For RT-PCR analysis poly(A)*RNA was 
isolated using the Oligotex mRNA mini kit (Qiagen. Kasztel- 
Med Ltd.. Budapest. Hungary). Following reverse transcription, 
the synthesized cDNA served as a template for PCR amplifi- 



cation using hFV Ill-specific primers RH3 and RH4. which pro- 
duce a 334-bp product (Espanion el <//.. 1 997 1. The RT-PCR 
reaction was carried out with a GeneAmp RNA PCR kit (Ap- 
plied Biosystems. Budapest. Hungary') using 34 cycles of 95°C 
for 30 sec. 60°C for 30 sec. and 72°C for 30 sec. Amplified 
products were resolved on 2% agarose gels. 

rhFVIII protein expression analysis 
by Western blotting 

To remove fat. 50 fiL milk samples were diluted by addi- 
tion of 200 ^tL Milli-Q water and centrifuged at 800 X g for 
30 min. Then 50 /xL aliquots were further diluted with 50 ^tl 
of the 2x NaDodS0 4 -PAGE sample buffer and boiled for 5 
min. Finally. 10 m' of each sample was loaded onto an 
NaDodSOa-PAGE gradient gel. After blotting onto a ProBlot 
membrane (Applied Biosystems). rhFVIII specific bands were 
detected with a primary polyclonal goat antibody against 
hFVIII (produced at the Institute for Animal Science), which 
was then visualized with a peroxidase conjugated F(ab')2 frag- 
ment of rabbit antigoat IgG (H + L) (Cat. #305-036*045. Jack- 
son Immuno Research Laboratories. Inc., West Grove. PA) fol- 
lowed by ECL chemi luminescent detection (Amersham AP 
Hungary Kft.). 

Determination of clotting activity in rabbit milk 

Milk samples were collected from the homozygous females 
twice a week over 4 weeks postpartum. Mothers were separated 
from their pups overnight, injected with oxytocin (0.5 IU), then 
anesthetized and milked. The clotting activity of milk samples 
was determined with an Immunochrom FVIII:C kit (Immuno 
GmbH, Heidelberg, Germany). This assay allows chromogenic 
determination of hFVIII activity, and is based on formation of 
a complex between FV1II, FD(, phospholipid, and calcium. This 
complex, in conjunction with FX, causes release of /?-nitro- 
aniline from an artificial substrate, which can be measured by 
its absorbance at 405 nm (Niemann et al.. 1999). Samples are 
compared to four standards supplied with the kit containing 1 .30 
IU, 0.7 IU, 0.05 IU, or 0.005 IU of hFVIII, calibrated against 
the WHO plasma standards. One IU is defined as the amount 
of hFVIII activity in 1 ml of normal human plasma. 



RESULTS 

Generation of transgenic rabbits 

In total, 627 microinjected zygotes were transferred to 29 re- 
cipient does, and 14 females delivered 51 pups, among which 
three transgenic founder animals were identified (Hiripi et a/., 
2000). Founder 385 was a male, which transmitted the trans- 
gene after mating to four does. The remaining two founders 
died due to causes unrelated to the experiment before offspring 
could be obtained. Southern blot analysis revealed that founder 
385 had a single integrated copy of the transgene but a Bam HI 
site was missing at the 3' end. Sequencing of this region showed 
that the terminal 23 bp of the injected construct were missing. 
This is nontranscribed DNA downstream from the SV40 
poly(A) signal sequence and is not involved in transgene ex- 
pression. Eight of the 3 1 pups (26%) produced by the first mat- 
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ing carried the transgene, suggesting a degree of mosaicism in 
the founder animal. Consecutive brother-sister matings estab- 
lished a homozygous line as confirmed by both Southern anal- 
ysis (Fig. 1 : lanes 3. 4, and 5) and test matings with nontrans- 
genie rabbits. 

Expression of FVI11 in the mammary gland of 
transgenic rabbits 

In biopsied mammary gland tissue from a female transgenic 
rabbit, rhFVin mRNA was demonstrated by RT-PCR as a 334- 
bp product. Sequencing confirmed 100% homology with the 
published sequence for hFVIIl. Except for the first week of lac- 
tation, rhFVIII mRNA was identified throughout the lactation 
period, indicating a delay in transgene induction (Fig. 2: lanes 
2. 3, 4, and 5). Recombinant hFVIIl mRNA was restricted to 
the mammary gland in homozygous females except for weak 
expression in the liver (data not shown). 

In milk samples from homozygous lactating females, a 
rhFVIII-specific band of 190 kDa was delected by Western 
analysis, which was never found in negative controls. The 
strongest signals were observed during mid-lactation (Fig. 3: 
lanes 3 and 4). This 190-kDa fragment originates from pro- 
teolytic processing at position 740/741 instead of 1648/1649 
(Pitmann and Kaufman, 1989) and explains the absence of 
the 80- and 73-kDa fragments, which would be expected in 
the case of normal processing of the 265-kDa precursor. The 
same 190-kDa fragment was observed in transgenic sheep 
bearing a /3-lac-hFVIII-MT-I construct (Niemann et al., 
1999). 

Functional activity- of rhFVIII in milk 

The clotting activity in milk samples varied between animals 
and over the course of lactation in the homozygous line. Clot- 
ting activity was barely detectable in the first 3 weeks of lac- 
tation but in the fourth week of lactation, the mean of two mea- 
surements on each of three homozygous females was 0.067 
lU/ml (6J9c the level of normal human plasma) and the range 
was 0.052 to 0.083 lU/ml. 
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HC. l. Southern analysis of rhFVIII expressing rabbits. Lane 
no. |()3 heterozygous: lane 2: no. 126 heterozygous; lane 3: 
no. 1M homozygous: lane 4: no. 164 homozygous: lane 5: no. 
I6M homozygous; lane 6: noniransgenic control; lane 7: injected 
UNA ( 1 M Li: lane 8: 1 kb DNA ladder (Gibco). 
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FIG. 2. RT-PCR analysis of Poly(A) + RNA from mammary 
gland tissue biopsies of homozygous transgenic rabbit. Lanes 
I and 14: 1-kb DNA ladder (Gibco), lanes 2-5: RT-PCR of the 
mammary gland biopsies (no. 161/1) from the first to the fourth 
weeks of lactation, using the RH3 and RH4 primers (Espanion 
ei a/., 1997), lane 6: RT-PCR of a nontransgenic negative con- 
trol using the RH3 and RH4 primers, lanes 7-10: RT-PCR of 
the mammary gland on the same samples as in lanes 2-5 using 
a-actin primers (nt 917-938 and nt 1277-1299 GenBank ac no: 
X60732), lane 1 1 : RT-PCR of a nontransgenic negative control 
using a-actin primers, lanes 12-13: PCR of genomic DNA from 
transgenic rabbit no. 161/1024 bp PCR product (Niemann et 
at.. 1999). and from nontransgenic rabbit respectively, using 
the RH3 and RH4 primers. 



DISCUSSION 

The rationale behind creating transgenic rabbits with 
mWAP-hFVHI-Mt-I was that the transgenic rabbit is a very ef- 
ficient system for testing new gene constructs. The rabbit re- 
productive cycle is much shorter than that of pigs or sheep, and 
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FIG. 3. Western blot analysis of homozygous transgenic rab- 
bit milk samples. Note the specific band at 1 90 kDa. which 
originates from proteolytic processing at position 740/741 in- 
stead of 1648/1649 (Pit'tman and Kaufman, Ten micro- 
liters of 10>' diluted milk samples were loaded. Lane 1: mo- 
lecular weight marker: lanes 2-5: rabbit (no. Idl/U milk 
samples collected from the first to the fourth uccks ol lacta- 
tion: lanes 6-7 noniransgenic rabbit milk samples: lane S: It) 
of the hFVIIl activit/calibration standard provided with the 
Immunochrom FV1I1:C reagent kit diluted to 0.(K)1 117ml. (This 
was not a concentration standard, and was used only as a pos- 
itive control for the immunochemical reaction and to demon- 
strate the location of hFVIIl fragments on the hlot.l 
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lactating rabbits produce more milk than mice (Van der Hout 
et aL. 2001): We have performed functional (i.e.. clouin«) tests 
with hFVIU in transgenic mouse milk (Espanion et aL. 1997) 
but the 50 ml of milk available per day from rabbits is an ad- 
vantage in light of the low levels of expression achieved to date. 
The increased amount of hFVIU obtained in rabbit milk will 
facilitate the investigation of gKcosylation differences related 
to the rabbit mammary gland and the effect on activity and im- 
munogenicity. Functional tests are necessary for proteins ex- 
pressed in transgenic animals because of species differences 
in glycosylation (Raju et <;/.. 20001 and alternative splicing 
(Aigner et aL. 1999). 

The special considerations in factor VIII production are its 
large size, and the need for glycosylation. endoproteo lytic pro- 
cessing, and modification' by a vitamin K-dependent carboxy- 
lase that converts selected aminoterminal glutamic acid residues 
to y-carboxyglutamic acid. Recent studies of species specificity 
in the glycosylation of proteins such as IgG underscore the sig- 
nificance of selecting the appropriate species for hFVIU pro- 
duction (Raju et aL. 2000). The rate limitation of the y- 
carboxylation of human protein C in the mammary glands of 
transgenic mice and pigs suggests that it is important to per- 
form similar tests with recombinant proteins produced in rab- 
bit milk ( Subramanian et aL. 1996). Species-specific differences 
in alternative splicing were observed when the genomic se- 
quence for human grow th hormone was used for production of 
transgenic rabbits and pigs (Aigner et aL. 1999). Although this 
is a characteristic of the growth hormone gene, it is not clear 
that it is a general phenomenon. It is possible that alternative 
splicing will be a problem when constructs based on the ge- 
nomic hFVIU sequence are used. Alternative splicing is an im- 
portant feature of the growth hormone gene, but has not been 
reported for the FVIII gene except where a splice site mutation 
resulted in exon skipping causing hemophilia. 

After submission of this manuscript, it was reported that a 
higher level of expression of FVIII cDNA has been achieved 
in transgenic mice using the bovine a-lactalbumin promoter 
(Chen et aL. 2002) than has been possible with either the bovine 
0-lacioglobulin promoter (Niemann et aL. 1999) or the murine 
whey acidic protein promoter (Paleyanda et aL, 1 997) employed 
in transgenic sheep and pigs, respectively. It is clearly impor- 
tant to test a similar construct in the rabbit and eventually in a 
larger animal. 

From this study, it is clear that the murine WAP promoter 
gives more stringent control of rhFVIII expression specific to 
rabbit mammary gland than the ovine /3-lactoglobulin promoter 
had been in transgenic sheep (Niemann et aL, 1999). This fact 
is underlined by a report that the murine WAP promoter gives 
mammary gland-specific expression in transgenic rabbits with 
ectopic expression restricted to one or two other tissues (Cas- 
tro etaL. 1999). 

Although the expression levels currently obtained with the 
mWAP-hFVIII-Mt-I construct have not been sufficient for anal- 
ysis of post-translational modifications, it is anticipated that fur- 
ther improvements in the transgene construct (e.g.. use of a 
modified cDNA sequence hVIII or the use of the genomic se- 
quence for hFVIU under the control of mammary gland spe- 
cific promoter) will lead to increased expression levels in the 
future. The rabbit provides an excellent basis for making rapid 
progress in this field, as it is possible to obtain homozygous an- 



imals only 12 months after the birth of a transgenic founder and 
lactating homozygous animals 6 months later. 

In. summary, for the first time, biologically active rhFVIII 
has been produced in the mammary gland of a transgenic rab- 
bit where the mWAP-hFVIII-MT-1 construct gave stronger ex- 
pression than previously achieved with /3-lac-hFVM-MT-I in 
sheep. 
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